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INTRODUCTION. 


t has been known for many years that highly bituminous shale, 
E oil shale, occurs in the Green River formation of the Uinta Basin 

Colorado and Utah. Eldridge,! who studied the gilsonite veins in 
this region in 1901, incidentally mentions the shale. He states that : 
the Green River formation includes ‘‘shales and limestones, bitumi- 
nous, locally in a degree to be of economic value." Since the publi- 
cation of that paper reports have been current from time to time that 
this shale is rich in petroleum, and that it compares favorably with 
the Scotch oil shale which has been successfully utilized in the com- 
mercial manufacture of petroleum products for half a century. 

In order to determine the geographic distribution and thickness 
of the shale E. G. Woodruff, assisted by W. P. Woodring, carried on 
in the summer of 1913 a reconnaissance survey of a part of the area 
occupied by the Green River formation in Utah and Colorado and 
in collaboration with D. T. Day made field tests to determine the 
amount of oil and other distillation products that can be obtained 
from the shale. Later Mr. Day made laboratory tests of some of 
the same shale and also examined the oil obtained in the field in 
order to determine its quality and to see if by better methods of dis- 
tillation its quality could be improved. 

The results of the season's work, though not of such a character as 
to demonstrate the feasibility of immediate utilization of the shale in 
the production of petroleum, seem to indicate that there is here a 
large reserve supply of oil, which sooner or later will be used to sup- 
plement the product of the well-known oil fields. 

The results of the tests and of the areal distribution and character 
of the shale are here briefly stated in the hope that technologists 
may beinterested in the investigation and may actually prove on the 
ground whether or not the shale can be utilized at the present time. 


1 Eldridge, С. H., The asphalt and bituminous rock deposits of the United States: U. 5. Geol. Survey 
Twenty-second Ann. Rept., pt. 1, pp. 219-452, 1901. 1 
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THE SHALE. 
OCCURRENCE AND CHARACTER. 


The areal distribution of the shale has been determined in a general 
way only. In Utah it extends northward from its line of outcrop, 
shown in Plate I, toward the interior of the Uinta Basin, but its 
limits in that direction can only be conjectured because its north- 
ward extension is concealed beneath more recently deposited beds, 
which-overlap it unconformably. It is probable, however, that 
bituminous shale underlies nearly all the deeper parts of the Uinta 
Basin in this State. In Colorado only the southern edge of the area 
was examined, but previous geologic work in adjacent areas to the 
east and north, where the base of the Green River formation has been 
mapped, indicates that the area containing shale is very similar in shape 
to that of the outcrop cf the Green River formation (see Pl. I, p. 18), 
though considerably smaller. It is believed that in Utah the greates 
depth of the shale below the surface in the center of the basin exceed 
2,000 feet but that in Colorado it is much less. 

Bituminous shale occurs in lenticular beds ranging from a fraction 
of aninch to 80 feet in thickness. A continuous exposure of half a 
mile or so generally reveals only a moderate amount of variability, 
but the study of a township shows a great range in thickness and lack 
of continuity in the lenses. At some places the shale beds are thick 
and have a fairly uniform content cf bitumen throughout, whereas at 
others the beds are split into many thin members some of which are 
rich in bitumen while others contain only moderate quantities., 

'The bituminous shale does not split or break easily but separates 
readily from the associated beds. This ease of separation from the 
adjacent material is an important factor in the development of a 
shale-oil industry, as the shale can thus be readily separated in 
mining from the other material carrying little or no bitumen. 


PHYSICAL PROPERTIES. 


The shale is light to dark brown, thin but slightly irregularly bedded, 
has a velvety luster, and gives when scratched a light-brown streak. 
When examined under a hand lens the streak is seen to have a vit- 
reous luster, which appears to be produced by a thick fatty substance. 
In many specimens rich bituminous layers alternate with leaner 
streaks. These layers are not cleavable one from another, yet one 
merges sharply into the other; consequently it is difficult to separate 
the lean and fat shale in laboratory practice and impracticable in 
commercial processes. The shale is very tough, being split along the 
bedding planes with difficulty, and it strongly resists breaking across 
the stratification. When broken it exhibits splintery edges. From 
hand specimens it is evident that the shale contains considerable 
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bitumen and when hit with a hammer it gives off a petroleum odor. 
A sliver inserted in a flame burns with a sooty smoke and gives an 
одот of burning petroleum. When blocks of the shale are ignited in 
a pile the pieces soften under the effect of the heat and become about 
as plastic as hot asphalt paving. Complete combustion leaves only a 
gray residue, composed mostly of clay, lime, and sand. 

The major bedding and a large part of the minor bedding are regular, 
but in most of the rich shale there is an irregularity of lamination 
which gives to it a peculiar curly structure like the curling of oak wood 
about a knot. This structure is so well shown in weathered speci- 
mens, as the result of the differential alteration of the fat and lean 
laminz, that such material was called in the field “curly shale.” The 
‘curly shale” was found to be richer in bitumen than the shale com- 
posed of regular and even laminz.- Chemical and microscopic exam- 

ations of the shale reveal a most intimate mixture of calcite and 
small quantities of quartz in fine round grains and clay, embedded 
in à mass of macerated vegetable débris consisting in part of cells, 
spores, wood, and pollen grains. Some specimens may show the flow- 
age of oil residue, but this has not been conclusively demonstrated. 

The specific gravity of the shale is shown in the following table from 


tests made by W. T. Schaller: 


S pecific gravity of bituminous shale. 


Kimball Creeks. t.. i TEE UTENTE ER AO 
руни Asini lor CIT UNTER COD IU «CHINE 1. 62 
HL IET ine e Ер IET OUI OT LITI 1. 66 

A A зе ан 1. 52 

Itu ure ышы ишы TEES ER 1. 60 


When fresh bituminous shale is exposed to the air it changes to a 
light brown and finally, on continued exposure, to gray. Weathered 
samples of the best shale were found to be light gray, whereas less 
rich ones are darker in color. On account of this change of color from 
weathering many persons have been misled, thinking that the darker 
color indicated greater richness than the lighter color. Weathering 
does not seem to have affected the shale deeply, though there are 
some indications that the shale under cover is richer than that along 
the outcrop. 

FIELD TESTS. 

Field tests were made in a portable still designed by Mr. Day and 
operations were at first carried on under his immediate supervision. 
Mr. Day remained in the field until the apparatus was thoroughly 
tested and then the work was carried on by Mr. Woodruff at various 
places accessible to the railroad where an abundant supply of the best 
shale could be procured. The basic principle of the operation was to 
heat the shale, thus vaporizing the volatile hydrocarbons and destruc- 
tively distilling the other forms of organic matter present in the shale, 
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The distillation products were conducted through a pipe to a con- 
densing coil, where the heavier products were liquefied and conducted 
into receivers and the gases permitted to escape. . 

The retort into which the shale was charged consisted of a section 
of 12-inch iron casing pipe 4 feet long, having flanges screwed on the | 
ends and a removable iron plate with asbestos gaskets fitted to each 
end of the retort. On one side of the retort there was fitted a small 
steam dome, a pressure gage, and a safety valve. From the top of 
the dome a pipe led to a block-tin condensing coil in a small water-. 
filled tank. The coil discharged into Wolff bottles set in series and 
provided with stopcocks so that the liquids could be drawn off without 
interfering with the operation of the condenser. During the opera- 
tion the retort was suspended from iron supports in a narrow trench, 
covered with iron plates and earth, and a flue erected at the back. 
Heat was obtained from a wood fire placed under the retort. 

The operation consisted of removing the head, charging the retort 
with shale broken into pieces not larger than 4 inches in diameter; 
and replacing the head. Fire was started to give a gentle heat at 
first and was gradually increased until the lower part of the retort 
became red hot; then the fire was held constant until near the close of 
the process, when it was increased for a short time and then allowed 
to subside. Water vapor, gas, oil and gas, and finally only gas was ) | 
the order in which the products were obtained. From seven to eight 
| hours’ heating was required for a charge. The liquid products were 
sealed in cans and shipped to the Washington laboratory. The 
results of the field tests are as follows: 


Results of field distillation of shale. 


No Thick- | ‚mount | Amount | of oil to 
- ; Amoun mount | of oil to : 
of Locality. poor ofshale | of oil |theshort| Section 
test. EU used. |obtained. tonor | 9PP- 
sampled. shale 
» 
Ft. in. | Pounds. | Gallons. | Gallons. 
| TT Conn Creeks овоа ааа ро Его Re Si IT 4 100 3.1 61.2 20 
2 | Kimball Creek.,.............. oat ДЕ 6 0 150 2.4 31.6 15 Ф 
3 | Kimball Creek (second test)... 6 0 156 2 20.2 15 
4 | Parachute Creek... ...:......- 5 10 150 1.5 20.0 12 | 
5 | AA ranchera ws sa 5 10 150 „78 10. 4 14 
6 | Templestation 4 0 120 2.7 45.2 17 
7 | Utestation.... 2.0 120 - 96 16. 0 17 
8 | White River, 5 3 6 150 2.5 33.3 18 
9 | White River, sample ta 3. 36 135 2.4 35.5 18 
10 | Ninemile Creek. .................. 6 105 2.1 39. 0 19 
11 | Hill Creek 9 135 1.3 16.0 19 


From the table given above it will be seen that the amount of oil 
obtained in the various tests ranged from 10.4 gallons to the ton in 
tost No. 5 to 61.2 gallons in test No. 1, the average for the entire 
series being 30.4 gallons. The commercial utilization of the shale as 

a source of petroleum depends upon the quality of the oil produced 
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and the amount and accessibility of the shale. The quality of the oil 
obtained in the field tests was determined by Mr. Day in the Survey 
laboratory at Washington and the results of his examinations are 
given later, together with a brief discussion of ways and means of 
improving results. With regard to the amount of shale, the evidence 
at hand is not so conclusive. The thickness of the bed of shale at the 
point sampled is given in the table. Some of the beds that were 
tested are too thin to be profitably mined under present conditions, 
but they were sampled because of the richness of the shale which they 
contained. If the beds less than 3 feet in thickness are disregarded 
the yield will run from 10.4 gallons in sample No. 5 to 35.5 gallons 
in sample No. 9, the average being 22.5 gallons to the ton of shale. 
As this average will compare favorably with the yield of the Scotch 
oil shale, it seems probable that the shale of Utah and Colorado may 
at the lowest estimate equal in value that of the well-known shale of 
Scotland from which petroleum has been successfully manufactured 
for a long time. However, the full extent of the geographic distri- 
bution of the shale and its petroleum content have not been ade- 
quately determined and much additional field work must be done 
before these facts can be fully and satisfactorily known. 


LABORATORY TESTS. 
GENERAL CHECKING TESTS. 


Method of the work.—As a check on the field work and also for the 
purpose of making tests which required special apparatus, samples of 
shale were distilled under the supervision of Mr. Day. The labora- 
tory tests included distilling the shale in a regular distilling flask, 
using 100 grams for a charge. The flasks were heated electrically in 
the usual way and it was found possible to continue the heating until 
the glass melted. It was found also that when this stage had been 
reached practically all the volatile matter had been distilled from the 
shale, leaving a crumbling dry coke. The gases given off were col- 
lected and also the ammonia water. The percentage of ammonia 
was determined in the general chemical laboratory. Analyses of tho 
gases are appended. 

Care was taken in condensing the vapor from the distillation to use 
ice water in the condenser and this is probably the reason why 
slightly larger yields were obtained than in the field tests. 

In selecting material for distillation the entire sample was picked 
over for average specimens, a large number of these were crushed 
down and thoroughly mixed, and the sample for examination was 
taken from this mixture. 

Test of shale from “asphalt mine,” Conn Creek, Colo., in sec. 1, T. 
7 S., В. 98 W. sixth. principal meridian.—A sample containing 100 
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grams of the shale from Conn Creek was heated for a period of about 
6 hours. As soon as the shale was sufficiently hot to give off mois- 
ture the evolution of gas began. This evolution became more rapid 
and an especially large volume of gas was given off during the last 
period of the distillation. The gas was collected over water in half- 
gallon bottles and sealed for analysis. The bottles were numbered 
in order that the gas from each stage of the process could be exam- 
ined separately. 

The following yield of products was obtained from the distillation: 
Crude oil, 24.5 cubic centimeters; fixed gas, 10 liters; ammonia, 0.13 
gram, equivalent to 1.02 grams of ammonium sulphate, or 22.5 
pounds of ammonium sulphate to the ton of shale; specific gravity 
of oil, 0.90. The yield of oil to the ton of shale was 68 gallons. 

Analyses of gases.—Examination of the gases from two of the dis- 
tillations gave the following results, the ordinary Orsatt apparatu: 
being used: 

Analyses of gases collected in two shale distillations. 


Distillation No. 2. 


Percentage composition. 


Inc Other 
qom | Carbon роз. hydro- 
dioxide, | Oxygen. | monox- hydros carbons | Total. 
ide. carbons ‚and 
| * | nitrogen. 
2 | | = El 
Bottle No. 12.70 1.56 | 1.56 | 11.10 73.08 ` 
Bottie No. 2... 5.20 1.50 7.50 9.50 76.30 100. 00 
Bottle No. 3... 3.20 2.00 | 6.00 10.00 78. 80 100. 00 
Bottle No. 4... 4.00 1.00 1.60 12.40 81.00 100. 00 
Bottle No. 12.40 .60 | 9.60 | 6.40 71.00 100.00 
| 
Bottle No. 0.3 0.3 79.9 | 100.00 
Bottle No. 2. 3.1 1.0 86.0 100.00 
Bottle No. 1.1 4.0 92.9 100. 00 


On repeating the distillation there was practically no change in 
yield or character of products. On account of the evolution of carbon 
dioxide in the latter part of the process, the shale itself was exam- 
ined and found to be a mixture of true clay shale and a large per- 
centage of calcite. It is evident, therefore, that much of the gas 
evolved last came from the dissociation of the calcium carbonate. 
At the highest temperatures some of this carbon dioxide was ге- 
duced by the coke to carbon monoxide, 


RESULTS OF LEACHING WITH ETHER AND BENZOL. 


Much of the bituminous material in the shale occurs in the form 
of liquid oil and semisolid and solid asphalt, as shown by the extrac- 
tion with ether and with benzol. By extraction with ether oil to 


- 
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the extent of 6.2 per cent by weight of the shale was obtained. By 
reextracting with benzol an additional 6 per cent was obtained, 
showing that 12.2 per cent of the total weight of the shale existed 
in the form of oil and asphalt. Thus at least half of the oil and as- 
phalt obtained existed in the shale and is not formed by destructive 
distillation. When this oil is redistilled it undergoes further destruc- 
tive distillation as well as fractionation, yielding oils having the usual 
gradations in gravity. 
The odor of the oils distilled from the shale suggested phenol so 
strongly that some finely divided shale was boiled with 10 per cent 
solution of caustic soda, and the mixture, after acidifying, was shaken 
up with ether. By this means about 1 per cent of the total oil was 
found to consist of substances of the phenol class. 
Qualitative tests showed the presence of pyridine compounds easily 
extracted from shale oil by dilute acids. 
Experiments show that the bitumen existing in the shale is only 
„very slightly soluble in methyl alcohol, but after boiling the finely 
divided shale with dilute hydrochloric or sulphuric acid, it was found 
that a much greater proportion of the shale was soluble in methyl 
alcohol, a fact which was confirmed by repetition. 


EXAMINATION OF THE 


SHALE OILS DISTILLED IN THE FIELD. 


For purpose of comparison the oils obtained by the field tests were 
distilled in Engler's distilling bulbs exactly according to the standard 
method of comparing crude petroleums, with the following results: 


Results of distillation by standard method of the oils obtained in the field tests. 


Serial 


о мә н 


Location. 


Conn Creek, No. 1....uuruunonesneneennnnannnunnasnneneenenn 
Попа ‘Creek, No: 2-20.02; 223 429500 dentaria 


ДА pony ЗЕН Lo ERE SELL. Pd ва се ЗА 


Tunnel on Whisky СгееК..,......-.-------+4494++-+ Дои а 
Tank at tunnel on Whisky СгееК...................-.-.-...- 


Shale from Whisky СгееК................--з.---+-+---з++-- 


Physical properties. 


| 


Gravity at 609 F, 


Specific |Degrees 
gravity. |Baumé, 


0.9302 | 20.5 | Dark brown, 
а, 8950 | 26.5 | Dark red. 

.9271 | 21 Dark brown, 
a.8805 | 29 Dark red. 

. 9103 | 24 Dark brown. 
0.8695 | 31 Red. 

.9550 | 17 Dark brown. 
а.9060 | 24.5 | Dark red. 


9369 | 19.5 | Dark brown. 
Red 


9537 | 16.8 | Dark brown. 


.9550 | 17 Blackish 


brown. 
9550 | 16.75 | Brownish 
black, 


Диан Кед. 


39382?—14———2 


a After treatment with sulphuric acid. 
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Results of distillation by standard method of the oils obtained in the field tests—Contd. 


ла > Unsaturated 
Distillation by Engler’s method, by volume. | hydrocarbons 
(per cent). Paraf. 
"Asphalt 
AES Location. in (per 
х Ве- per | cent) 
- 150°- |cent) 
Eto | To150°C. | 150°-300° С. | Residuum. [Crude. | 300° 
boil. C 

1| Kimball Creek.... 
2 | Parachute Creek... 
3 | Conn Creek, No. 1.1 
4 | Conn Creek, No. 2. 
5 | 4A ranch.......... 
6 | Tunnel on Whis- 

ky Creek. 
7 | Tank at tunnel on 

Whisky Creek. 
8 | Shale from Whis- 

ky Creek. 


HYDROGENATION OF SHALE OILS. 


The shale oils obtained in Scotland and elsewhere and those obtained 
in the present series of distillations are characterized by a large pro- 
portion of unsaturated hydrocarbons, involving a considerable loss 
when these oils are refined. In refining them it is not necessary to 
remove all these unsaturated hydrocarbons but only those which pre- 
vent the manufacture of comparatively colorless and odorless oils by 
the usual refining process. The proportion of these compounds differs 
greatly in shales from different parts of the world. 

In the distillation of the shale under consideration it is evident that 
when the process is carried on at the lowest possible temperature the 
quality of the oil obtained is considerably better. 

The success which has lately attended the addition of hydrogen to 
unsaturated oils, by passing the vapors of the oils and hydrogen 
together through a porous substance acting as a catalyzer, has been 
sufficient to justify the treatment of these oils in the same way. 

Accordingly a sample of 4.49 kilograms of shale from Temple station, 
Utah, was distilled under a pressure of 70 to 80 pounds, in an atmos- 
phere of hydrogen. Thestill contained a coil of tubes filled witha cata- 
lyzer consisting of finely divided nickel with a small proportion of 
palladium (10 ounces of palladium to the ton of nickel). The cata- 
lyzer remained at Ше same temperature as the still. The vapor of the 
oil and the hydrogen passed together through the catalyzer before 
leaving the still. The distillation proceeded according to the fol- 
lowing table. 
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Distillation of shale from Temple station, Utah, adding hydrogen under pressure. 


[Charge, 4,490 grams in pressure still; continuous coil containing hydrogen with palladiumized nickel 
as а catalyzer. Residue, 2,850 grams of coke.] 


Amount 
Cut of oilob-| Gravity | Tempera- | Pressure 
9 tained (°B.). | ture (°F.). | (pounds) 
(с.с.). 
29 35. 2 750-800 80 
20 33.2 750-800 80 
60 36.1 750-800 80 
63 38.1 750-800 80 
77 39.7 750-800 70 
44 35.1 750-800 70 
49 33.5 750-800 70 
342 a 36. 0 
по И К ея A A 50 25.9 750 7 
Ninth.. ar 137 28.7 750-850 None 
Tenth.... БЕБЕ 175 26.7 800-925 None 
A A AA за Se + 4 180 24.4 | 900-1,000 None 
a Average. 
First seven cuts steam stilled. 
[Charge, 320 cubic centimeters.] 
- Amount of : 
Cut. oil obtained Ry 
(с. с.). * 

aic duele der uto ЖЕРАР МЖА СО A NT MEE T. 55 ОГА 25 63.2 
Second. 27.5 55.7 
Third.... 20.5 50.0 
Бейсек nee copie Nc Vr RE 165 20.1 


These shale oils under ordinary redistillation yield oils ranging from 
17? to 24? Baumé, whereas in the hydrogen distillation under pres- 
sure they ranged from 24.4? to 39.7? Baumé. 

Further, when the first seven cuts were redistilled with steam the 
results showed a large yield of naphtha suitable for all purposes for 
which gasoline is used. The steam-stilled distillate, when treated 
with dilute caustic soda, had a marked odor of pyridine, which was 
easily removed with dilute sulphurie acid. The steam-stilled material 
required no treatment with acid to render it comparable with the 
other market grades of naphtha or gasoline. A similar distillation 
of shale from Parachute Creek, Colo., gave corresponding results, as 
shown in the table below, but was not completed on account of the 
accidental leakage of the still. 


Distillation of shale from Parachute Creek, Colo., adding hydrogen under pressure. 


[Charge, 4,200 grams in pressure still; continuous coil containing hydrogen with charcoal as a catalyzer. 
Pressure was also carried on condenser.) 


Cut т Gravity Tempera- | Pressure 
"ће i; (с. с.). (ВУ ture (° F.).| (pounds). 
115 35.4 750 7 
125 28.6 750 70 
20 25.0 750-850 70-30 
70 25.3 800 None 
45 23.2 | 800-1,000 None. 


10 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1913, PART IT. 


EXTENT OF THE FIELD. 


As shown on Plate 1 (p. 18) bituminous shale extends westward 
from Rifle, Colo., for a distance of 50 miles and in Utah from the east 
line of the State for a distance of 75 miles. In the two States there 
is a total direct east-west distance between extremities of outcrop 
of 125 miles, but owing to the sinuosities the total line of outerop 
is probably twice as great. The extent of shale back of the outerop 
has not been determined because neither the nature of the work nor 
the time and facilities available for it permitted such determination. 
However, the limits of the Green River formation, which contains the 
shale, are shown on the map (Pl. 1). In Colorado the shale-bearing 
area is much less extensive than the formation but probably includes 
as much as 20 townships, whereas in Utah a much greater area con- 
tains the shale though most of it is too thin and covered too deeply 
to be worthy of economic consideration. In considering the area 
extent of the shale it should be noted that the Colorado area is mt 
ably encircled by a belt of the shale outerop, whereas in Utah the 
outcrop of the shale is along the southern side only, the northern 
being buried beneath younger overlapping formations. In this State 
shale is known to occur in Strawberry Valley west of Indian Creek 
(see Pl. I), but probably it is too thin to be considered economically. 


` SURFACE FEATURES AND CLIMATE. 


Westward from Rifle, Colo., for 170 miles, to the vicinity of Colton, 
Utah, extend the high, steep, and locally precipitous Book Cliffs and 
Roan Cliffs, which rise 1,000 to 3,000 feet from a rather uneven low- 
land on the south to the high plateaus on the north. "The cliffs do 
not form a continuous wall but are cut by many streams into a most 
intricate system of narrow steep-sided valleys between narrow spurs 
with precipitous sides. "These cliffs are so high and so steep that an 
ascent has been found for a railroad at only one place and by a most 
tortuous narrow-gage route. Wagon roads cross the cliffs at a few 
favored spots, and difficult foot trails at fairly short intervals. From 
the crest of the cliffs a plateau slopes gently northward toward the 
interior of the Uinta Basin, through which flow White, Green, and 
Duchesne rivers. "The surface of the plateau is cut into a most intri- 
cate system of badlands by branches of the streams which rise near 
the crest of the cliffs and flow northward to the rivers. The bitumi- 
nous shale underlies the plateau and outerops along its southern edge. 

The region is semiarid—in fact, it is sometimes called a desert. 
Springs and brooks are common north of the crest of the cliffs, but 
generally the flow is so small that the water is lost by evaporation 
or seepage before it has gone far. A few perennial streams have a 
small flow of water, which is generally so alkaline, except near the 
source, that it is unsuited for the use of either man or animal. The 
vegetation consists of pines, cedars, and aspen in the higher parts 
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of the plateau and of sagebrush and an extremely scanty growth 
of grass over the greater part of the area. 


GEOLOGY. 


The geology of the region was studied by Mr. Woodruff only in 
a general way at a few places along the southern exposures of the 
bituminous shale and to some extent back of the outerop in Utah. 
These examinations, together with reports of previous workers in 
the field, furnish the data upon which the description of the geology 
is based.* Good exposures of Ше strata and the distinctive lithology 
of the rocks render geologic study simple and the results certain. 
Only general stratigraphic relations will be considered, except in so 
far as the data relate to the Green River formation, which will be 
described in detail because that formation contains the bituminous 
shale to which this report relates. 


STRATIGRAPHY. 
FORMATIONS PRESENT. 


In western Colorado and eastern Utah the igneous basement is 
covered by a series of Paleozoic, Mesozoic, and Cenozoic formations 
many thousand feet thick. Among the last to be deposited were 
the Tertiary rocks, which in part are classified as follows: 


Stratigraphic relations of the Green, River formation to other Eocene formations in north- 
western Colorado and northeastern Utah. 


Formation. | Member. Description. Thickness, 


Sandstone, very sandy shale, clay shale, and a few conglomerate 


beds; prevailing colors pink, brown, and gray. The Bridger Feet 
Bridger for- is composed of loosely cemented rocks which weather into | ¿00% 000 
mation. badland forms. Very irregular bedding is prevalent. Dis- ? 


tinguished from the formation above by the slightly greater 
percentage of shale and by the fossils. 


Sandstone, very sandy shale, and some clay shale; prevailing 
U colors brown and gray. ‘The sandstone occurs in thick beds 500 
pper: and locally contains fossil leaves. Generally even bedded, Esti X 
though not markedly so in central Utah. (Estimated) 


Shale, thin bedded, some of it bituminous; thin beds of calca- 
reous sandstone; prevailing colors, brown, gray, or faint green. 

Green River | Middle. This member is remarkable for its uniform thin bedding and 100-700 
formation, for thelarge amount of bituminous matter whieh some of the 
beds contain. (Detailed sections are presented on pp. 13-20.) 


Sandstone, shale, and oolite. The sandstone occurs in beds 1 
to 15 feet thick. The shale is sandy, locally calcareous or 
Lower. bituminous, and very even bedded; prevailing colors brown, | 1,000-1, 425 
gray, or faint green. (A detailed section is presented on 
pp. 14-15.) 


F Shale, generally very sandy, and sandstone. Colors variegated 
end for- red, maroon, ри yellow, brown, and gray. Very irregu- 1,000-4, 000 
i larly deposited. 


1 Gale, Н. S., Coal fields of northwestern Colorado and northeastern Utah: U. S. Geol. Survey Bull, 415, 
1910; Geology of the Rangely oil district, Colo.: U. 5. Geol. Survey Bull. 350, 1908. Peale, А. C., Geo- 
logical report on the Grand River district: U. S. Geol. and Geog. Survey Terr., Tenth Ann. Rept., 1878. 
Eldridge, С. H., Asphalt and bituminous rock deposits of the United States: U. S. Geol. Survey Twenty- 
second Ann. Rept., pt. 1, 1901. Richardson, С. B., Reconnaissance of the Book Cliffs coal field between 
Grand River, Colo., and Sunnyside, Utah: U.S. Geol. Survey Bull. 371, 1909. Woodruff, E. G., Geology 
and petroleum resources of the De Beque oil field, Colo.: U. S. Geol, Survey Bull, 531c, pp. 54-68, 1913, 
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GREEN RIVER FORMATION. 


As the study of the oil shale involved the Green River formation 
only, the other formations were not given much attention. Consid- 
eration was given not only to the composition of the formation, but 
also to the character of the country and to the accessibility of the 
outcrops. Сале: has aptly said: “The valleys and lowland ridges 
commonly formed in the Wasatch clays are generally bordered by 
escarpment ridges of more resistant beds that overlie them. This 
escarpment-forming group of strata is known as the Green River 
formation." The cliff-forming feature of the Green River is the 
characteristic which first attracts attention to the formation, espe- 
cially along the southern margin of the Colorado-Utah area. Closer 
inspection, however, reveals the even and generally thin bedding of 
the shale, the bitumen in some of the shale, and the calcareous 
character of the sandstone and oolite. Generally the oolite is 
composed of spherules less than one-eighth inch in diameter, but) 
not uncommonly the rock is a pisolite whose spherules are as much 
as three-fourths inch in diameter. Ripple-marked sandstone beds 
occur in the lower and middle parts of the formation. Fish scales 
are common, and even fish remains occur at many places. Excel- 
| lently preserved insects were obtained at one place and some imper- 
fect specimens at another place. Some fossil turtles were also 
found. 

Work was concentrated on that part of the section carrying the 
oil shale, and several sections were studied and, measured in consid- 
erable detail. These sections, which are given below, afford a good 
idea of the distribution of the shale in the formation and some idea 
of its comparative richness. 

After most of the distillation tests had, been made and the richness 
of certain kinds of shale had been determined it was found possible 
to estimate very closely the oil content of any given bed, provided 
it was clearly exposed. The probable limit of error in such esti- 
mates is thought to be less than 20 per cent. Accordingly, in meas- 
uring the detailed sections at various places many such estimates 
were made, and they are given in their appropriate places in the 
sections. 


1 Gale, H. 8., Coal fields of northwestern Colorado and northeastern Utah: U. S. Geol. Survey Bull. 
| 415, p. 83, 1910. 
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Section of part of the middle member of the Green. River formation exposed on. Parachute 
Creek, Colo., in sec. 29, T. 5 S., К. 95 W., sixth principal meridian: 


Shale, brown, carbonaceous, thin bedded. Ft. in. 

Shale, brown, bituminous; weathers cavernous ы to con- 
tain 20 gallons of crude oil to the ton).................... 50 TO 

Shale, brown, thin bedded, slightly РЦ ү жү АКП Би 

Shale; bituminous, Hes Jet sehe axi letras Eines sti ев i xs 

Shale, fissile; contains some seams of bituminous shale............ 2220 

Shalo brown њи да оо + бог = ero р У Т E MES ес 5 

Бъде; bituminous ee MEL есте ла e od ee eee TO 

Shale, thin bedded, slightly bituminous. ...................--- 9 

Shale; bituminous ieee ИК eee ce ро a re SE 3 

Shale, thin bedded, slightly bituminous....................... 9 

Shale, brown, fine grained, bituminous; estimated. ............. 10 0 

Shalexbrowny thin. bedded . 2222... osos amantes er en wicca? TOR 26 6 

Shale, brown, bituminous (estimated to contain 20 gallons of oil | 
to the ton) ¿cl e аа ra a 4 10 | 

Shale, brown, thin bedded, fine ртатеа........................ А. 

Shale, brown, slightly bituminous. ..........--..-----.------- 5 0 

Shale, fissile, fine grained, thin ђеддеа....................... 6 6 


Shale, bituminous (sample No. 4, р. 4, obtained from this bed)... 5 10 
Shale, brown, thin bedded, slightly carbonaceous, moderately 
calcareous. 


10 7 


Section along Mount Logan trail, Colo., sec. 26, T.7 S., К. 97 И. 


Base of upper member of Green River formation: 
Soil on plateau overlying very sandy brown shale. 


Middle member of Green River formation: Ft. in. 
Shale, bituminous, Curly ОЛОК ЧО. ДИА, 11 0 
Shale, very light brown..... RO A ae ES 130 0 
Shale, bituminous соту и лии, 21 #8 


Shale, moderately bituminous, bitumen evenly distributed 

throughout the ledge (estimated to contain 20 gallons of 

ОД to the ton) stesso е ONE a 1227. bidet a 81 
Shalesbituminous....-----mm e aia DENEN 
Shale, brown, slightly carbonaceous.........-.-.-------- 79 
Shale; ротова о UE АОК. 
Shale, brown, slightly bituminous. .............-..---.. 4 
Shale, bituminous: ren a ЗИ. 
Shales brownies ieo. иа МБ ан 2 
Shale} bituminouss<2 4. EUITIO ВИЕ ЕЕ. 
Shale, brown, slightly bituminous. .................-..- 12 
Shale; bituminous... se Ree eee ан See eee 
Shale, brown, slightly bituminous. ...................-. 3 
Sandstone...... A E СУТТЕ 
AAA ере 
RAndstonexbTOWI сенй en ee Soe 
Shale, IIS рга bituminous 


~ 


T 


C» ~ со ос =“ї © осо 9 сл с с о <> 


! At this place the exposure occurs in a cliff which is so precipitous that the complete section can not 
be studied in detail. The section is believed to be typical of strata for 200 feet above the portion presented. 
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Middle member of Green River formation—Continued. 

Shales bituminous se se zur 2.8. TE лт ле с 
Shale, brown, slightly bituminous. . .................... 
Shale, bituminous а пао aan а оа аа а ER SINE 
Shale;brown;*fisslle;. 12:9: смеса оваа а un 
Shale; bituminous sa. esses o IE 
Shale, brown, slightly bituminous. . .................... 
Shale, bituminous (estimated to contain 2) gallons of oil 

to,the ton)... ALO O eS eee 
Shale, brown, slightly bituminous. . .................... 
Sandstone, ВРОМ Е como un сосе EET 
Shale, brown, slightly bituminous. ..................... 
Shale, bituminous (estimated to contain 30 gallons of oil 

to the ов): 556 See dO eg 
Shale, brown, slightly bituminous. . . .-.--.--.-.-.-..--.. 
Shale, brown, bituminous.................... O ше 
Shale brown 22 Sans DUM IE гин 
Shale, bituminous (estimated to contain 25 gallons of oil 

to the ton) Улама ОР. PIE VIII 
Shale, brown, slightly сагђопасеоцв..................... 
Shale, bituminous (estimated to contain 30 gallons of oil 

to ihe ton LA A Pf 
Shale, brown, slightly bituminous. . .................... 
Shales DitumMINCuss boas a cee cane wees eae а a сата 
Shale, brown, slightly bituminous.............--.------- 
Shale, bituminous (estimated to contain 20 gallons of oil 

То Ше оп). bos en en с Беда Saree -- 

Lower member of Green River formation: 

Shale, gray, thin bedded J „= 2.= о = аб са .... зона 20000005 
Sandstone, ртау - =. +... ¿Hacia EHE esse es as 
Shale, gray, fine grained, thin, even bedded; this member 

seems to be uniform throughout. ..................... 
Shale, brown, fissile, weathers in flakes as thin as yy inch. . . 
Shale, drab, fine grained, fissile...........-.-.---------- 
Sandstone, tan (Е issues Jet MUSEI: aan eden 
Shale, drab, thin bedded; contains thin layers of shaly 

sandstone... дъга ЕРЕ ЕЗ А тет ата ен 
Sandstone; taa A es Се са AS 
Shale, drab, thin bedded..-...-..:. Е 
Sandstone, tan, slightly irregular in thickness. ............ 
Shales drab, thin bedded ==. >... .. are 
Sandstone, shaly in lower half........................... 
Shale, thin bedded; this member is uniform throughout 

except that at intervals of 10 to 20 feet beds of shaly 


sandstone occur as much as 6 inches thick............... 
Sandstone, Coarse ООН. + Pe ено tie а а е 
Sandstone, fine grained, oolitic.......... EAE 
Shale, drab, fissile..................... Me AS СЗ 
Sandstone, gray. ............ das MEN E оо 
Shale, gray in upper part, brown in lower, fine grained, 

ЕНСЕ 0 IIT CIT DITE TATEM 


Shale and sandstone; this member is composed of layers of 
tan sandy shale and shaly sandstone 6 inches to 2 feet 


Ft. 


1 


OH го 


122 


329 
2 
178 


69 


i 


to © оо mw to сл P 


оо о Ф сл с 


e 


о о 


оо о о 


Son. oso 
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Lower member of Green River formation—Continued. Ft. in. 
Sandstone, thick bedded, coarse grained. . ............... 15 0 
Shale, tan, very sandy, with many layers of shaly sand- 

stone some of which are as much as 6 inches thick. ....... 98 0 
Sandstone, tan, thick bedded. ......................... DO 
Shale, tan, sandy; contains layers of shaly sandstone....... 68 0 


Shale, red (top of Wasatch formation). ----- 
1,806 10 


Section of part of the bituminous shale exposed at 4A ranch, Colo., in sec. 21, T. 6 S., 
R. 99 W.! 


Shale, bituminous (estimated to contain 20 gallons of oil to the Ft. in. 
, f 


ton) bat 3 
Shale... 6 
Shale; bituminous, *curly. un... eee eee roses 6 
SDA Stee e па a RE 1 10 
Shale, bituminous. ашу 8 

5 Боје чини ср A EEE ER 4 10 
t BBAISMDIEUIMINOUSE see, Sess Sosa eme derer cores ве EE 8 
Shale, carbonaceous, fissile.....................- e eere 2 10 

Shale, bituminous (estimated to contain 25 gallons of oil to the 

lon) O OS SEE dT 
Shale, fissile..-.-..-.---- eee ee rere re rrr rtr Lint? 
Shale, bituminous (estimated to contain 25 gallons of oil to the 

Cott ЈН ро па үе а EET E OOO Se 4 
Shale, brown, carbonaceous....-.----20--- == <= а снесе ено err see 4 

199 


Section of part of the middle member of Green River formation on north side of Kimball 
Creek, sec. 5, T. 7 N., К. 100 W? 


Soil and rock débris. Feet. 
Shale, bituminous (samples Nos. 2 and 3, p. 4, were taken from 6 
feet of this bed from 12 to 18 feet below the top; the upper half 
of this bed is believed to be slightly richer than the lower half).. 48 
Shale, locally very calcareous............-.- eee 35 
Shale, DITUMIDOUS Sears rr АВЕ Саа 3 
Shale, brown, carbonaceous. 


86 


Section of part of Green River formation exposed at Oil tunnel on Whisky Creek, Colo., 
in sec. 18, T. 5 S., В. 103 W. (approximate location). 


Lower member of Green River formation: Ft. in. 
Shale? tan; Пее ET 8 
Shale, bituminous (same bed as that from which sample No. 

8 was obtained; seo p. 18.)-------+-- 2-90. > 4 
Shale; tan; fissiler- салаш 0.2.2 ee a OR 20 
Shale, tan, sandy ывыз = = а = „teens ni 90 
Sandstone, сопи Уон... 5 0 


1 This section includes only the lower part of the middle member of the Green River formation; 200 feet 
of similar strata overlie it. 

2 Thislocation is given by a resident of the region who is familiar with the land subdivisions. The writers 
are inclined to think that the location is in error and that the true location is a few miles east of that given. 
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Soil. Ft. 
ове, Ба o A palais = ee 6 
Shale, containing thin beds of sandstone...............--.--.--- 57 
Ооё; Drown елан ne кана eS ee 21 
Dale) pray zene RR = <a ОЕ 5 
Sandstone, bulk: 37-200 с Ое ае ds 13 
Seal rela ejeje, 16 
Oolite, tine gramed.... на nn аи ви o 5 
Shale and Sandstone. terres 21 
Oolite; coarse grained re ne 7 
Shale and [sandstone caca а 17 
Oolite coarse STAIN CG en o ааа ua anne pe кадыы: 3 
Sandstone, РШЕ лел a ee 4 
Shale; gray, fine raid mn туна ОЕ: 17 
ботите рташеа ----.--- 544 une не лаз ERE 1 
Sandstone, buff, fine grained, weathers cavernous................ 4 
Oolitejleoarse raids ЕЕРЕЕ аар 5 
Sandstone, DUii-..------.--2--«»232 EE 50 
Shale, green, weathers brown... tAE AEREE o ooo siens aide 5 
Oolite, buit, coarse rancia See 4 
Sandstone, Diis. ----.-.-----:mecaprnp У 8 
Shale, ECTS ЗИРЕ ana sas з-с ДА 
Sandstone, Licht Dro Where caracas coa O EEE 1 
Shale, gray, weathers cavernous in upper part................... 6 
Sandstone, buff, massive, with small lenses of shale intercalated in 

ihe SANdStONe.. ore o У РА таи ие 59 
Shale, pray, fine;grained. rs у], EM 12 
Оов, Рин, coarse oral ned seras cora ae as лыт 26 
Sandstone, buff, weathers cavernous..-........------------------ 22 
Shale; preen, fine oramed ito тетет аа и 
Sandstone, yellowish; brown below, gray above; massive; weathers 

CA VEINOUSs Meets ae ee Талса Арман E еа 18 
Shale, greenish gray, fine grained; this bed is lenticular.......... 14 
Sandstone, chocolate-brown, thick bedded...................... 13 


Shale, green, with brown streaks, fine grained, thin lenticular 
bedding aan ota eser ERE LU ASSET да ИН 


Lower member of Green River formation— Continued. Ft. in. 
Shale fan, sand у о те METIDO ee eere 40 0 
Sandstone; оос = таа ETE HI Сари тие alee 9 EEO 
Shale; Saye oe E E N TE N NT S 40 
Sandstone, oolitic, shaly.... 2 0 
Shale, tan, sandy; shale, brown, carbonaceous, and oolitic 

sandstone, in beds from 6 inches to 1 foot thick. ......... 53 0 
AE op tt 6 
NA A a ИТ E EE NER 22 0 
Covered, Булатов a ен а ee 
Sandstone, OOM Wrasse ЕЕ anos iat eee eee 6 0 

Wasatch formation: 

Паје ian, sand Vase. a mesi ees 49 0 
Sandstone, gray, very porous, petroliferous................. 13 0 
Shale, 
225 6 
Section of lower part of Green River formation at Black Dragon mine, Dragon, Utah. 
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Ft. in. 
Sandstone, light brown, fine grained, in part argillaceous........ 10 9 
Shaley green; fine rained ст atea alo daa МАЛЕ nee 1.47, 
tGhalessandy e een = asm RE core 210 
Shale, greenish gray, weathers nodular. . ....................... ne 
Sandstone, dark reddish brown. ...-.-..----.------------------ 1 0 
Shale, reddish brown, sandy, thin ђеддеа...................... LA 
Sandstone, reddish brown, fine отатед...............-.....-... 1 4 
Shale, greenish gray, fine grained, weathers nodular.............. 2.0 
Sandstone, reddish brown, argillaceous. .............:.... MESURES 
Shalevoray; thin bedded т 34 423. eue aa cols и e LED 
Sandstone, reddish brown, fine grained, cross-bedded............ 6 
Shaler pray, fing grained е EH en 
Sandstone vellowisl Drow) sr en en E И 2 2 
Shale, gray, somewhat arenaceous. . .....--..+.-----.---------- 6 
Sandstone, reddish brown: 2222... 7. ван час er име eee лане 9 
ARR, LI A A IA 2 
Sandstone, dark browse ooo qn CE 2 
Shale, gray, sandy in lower part.......-..-...--..---.-+---+---- 20 
Sandstone, brown, fine grained... 6 
Shale, gray, sandy 4 
Sandstone, brown, fine grained iasan semea ns ne 7 
Shale, thin bedded........ A IA сеје аса ръст 1 6 
Sandstone, brown, fine grained, lenticular. ..................... Da 
Shale, gray, very sandy 2.-2 
Sandstone, brown, fine grained; contains lenses of shale.......... 3 4 
Shale, gray, fine grained, thin bedded. ........................ 3 
Sandstone, brown, fine grained...................... <<< + а а << gpI 
Shale, gray, locally very sandy seee nennen en 8 0 
Sandstone, light brown, thick bedded.. 0 
Shale, gray, thin bedded, lenticular. .. ...-.................... 5 
Sandstone, light brown, fine grained...........-..---.-.----+--- 7 9 
Alluvium. 

529 4 


Sandstone, brown, calcareous; weathers brown; base of upper 
member of Green River formation. Ft. 


Shale, brown; thim bedded en lI. LIII 11 
Limestone, gray, thin bedded...............-..-..-........... 36 
halo, ray, Calcarodus а ва ee een en ei 
Limestone, pray, thin bedded ARRE 007381070100 j 
Shale, brown, thin bedded, slightly bituminous (possibly con- 
tains 2 or 3 gallons of oil to the ton)........................ 165 
Shale, brown, рој rasa a Sa 
Shale, brown, earbonaceou8.......-...-...--... wee ll ses cca as 9 
Shale, brown, slightly bituminous............................. 1 
Shale, brown, carbonaceous... 3 
Shaléz brown; bit micas EEE VER IO EI 
Shale, brown, fissile, carbonaceous. ..........:...........-..... 
phaledbrown bItUMINOUB ЕЕ 
Shale, brown, carbonaceous; weathers gray.................... 62 
Shales готина попа SENSE ae oe ee НЕ а. 


Shale, brown; carbonaceous; weathers gray........------------ 1 


Section on east side of Evacuation Creek, at Ute station on Uintah Railway, 


с © 


бл н< 50 


Aa 0 Ф оо 
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Utah. 
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Ft 
Shale, bliuminóus::59: 2000 tee eons Peewee BEER Ee 1 
Shale, brown, carbonaceous, thin bedded; weathers gray...... 12 
Бра, brown. ртов: ена 
Shale, brown, weathers gray, carbonaceous, with seams of 
bituminous shale half an inch thick in the lower part....... 5 
Shale, brown; bltuminous:-s-29999 9. EEE ER 1 
Shale, brown; carbonaceous = === === ен ee 12 
Shale, brown, bituminous; somewhat variable in bitumen 
content (sample No. 6, p. 4, collected at Temple station, 
represents 4 feet of the lower part of this ђед)............... 22 
Shale, brown, carbonaceous; contains some layers of bituminous 
shale Linch-thick rn ar On 18 
Sandstone; тото Erde rot essen 1 
Shale, brown, езе. очен a IS ТРЕ 12 
Limestone, brown. 2692-52-506 EEE 1 
Shale, brown; fissile.- me re co keen eee OSEE 12 
Shale; brown; bituminoues sur wesen ee а ии еа 
Shale, brown; weathers tan; fine grained, thin bedded; contains 
fossil sec LT Se Ee Ee 20 
Shales brown,-bituminoussesss--2 ee EEE 
Shale, brown; weathers gray; carbonaceous, very fissile........ 13 
Shale, rusty brown, very sandy, calcareous. ...... 40 
Shale, light tan; weathers gray; calcareous................... . 40 


Sandstone, gray; weathers rusty ; thin bedded in lower two-thirds, 
thick bedded in upper one-third, locally cross-bedded and 
Hpple Marked are а E ри 68 

Shale, light brown, in layers as thin as 0.1 inch, slightly car- 
bonaceous; 45 feet above base occurs a bituminous shale seam 
4 inches thick and another of equal thickness 6 feet higher.. 58 

Shales bituminoussecessessonet aes sss cos -- ae ae S S ARTS ETE 

Shale; brown; carbonaceous eos TREE 

Shales brown роону п.с ва сатана на а 5и 

Shale, brown, сатђопасеоив....................... ВЕЋЕГ с MI I. 

Shale> brown? bituminous "ses TE 

Shalem browned OONaceQUssters cress... mn БИЈЕ 

Shale, brown, bituminous ¿A NS 

Shales brown, carbonaceous 5 

Shale, brown, bituminous '........ eS СТ... 5 

Shales brown, сатропасеоце. crucis ПИ на а om eae те 

Shale; browns bibuminous ЕИ 

Shale, brown, locally slightly bituminous....................... 28 

Shale; brown; biturmimous-.----2-5 a А ME 1 

Shalowerayy very: сайсатеопя он sects аса не ea bce ee cn 4 

Haley brown, оттоо 

Limestone; gray ана RATAS ee 

Shalewvery Calcaredusiy >. 2555 аа а 3 

Shale; brown, бісбототпопв 00282302 не ee a 

Shale, sandy (lower member of Green River formation)........ 

Water in Evacuation Creek. У 


hb 


c 


~ 
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1 These members are included in the Ute station sample, No. 7, p. 4. 
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Section of strata containing bituminous shale beds on north side of White River, Utah, 
5 miles east of White River stage station, T. 9 S., R. 25 E., Salt Lake base and meridian, 


Shale, gray, fissile. Ft. in. 
Shales bituminous ЕЕЗ = ee Se ера ис = Беше cai 9 
Shale, brown, slightly carbonaceous.......-.--..-..----------- 6 
Shales brown, bitiminotusta сан ба та ва а сЕ 2 
Shales Drowns carbonaceous- ses ems на кји не sa EIS 1 0 
Shale, bituminous четворен ете ое вија зенит тарт- sie 3 
Shale; brown, carbonaceous... =. 2... === танина res кје 9 
Shales рата Б e. то чаи се so v Ve лелеее 8 
Shale, brown, fissile, carbonaceous..............----------:---- АВ 
Shale, bituminous cnc тесен O е сата ра 150 
Shales brows fcarbonaceöus..... oe neal rese dares Elec ei IES 
Shale, bituminous (sample of this bed distilled; see samples Nos. 

Вал дур. dos mos O E ар Еъри За 6 
Shalesbrown; сагропасеойв.сат--< 09 00. osa o SS ecl 2.4 
hate, bituminous: ccc os зго le iS 6 
Shalepbrown, carbonaceous. e ЗЕЕ Е зала 
BRMERDILUMINOUS.. U... 200000 а ам a AS 7 
Shale; brown; сагропасеопнаиииет ee nen 10 
Shale, bituminOUSs. = он 222. „Se O аи : 
Shale; brown, carbonaceous-- -- u... = па = вајн нил lalo еа ог 4 62 
Shale, bituminous (estimated to contain 20 gallons of oil to the 

ooo A rn e ER C 6 10 
Shale, brown, сатропасеоов а. 11 
Shales расна + on o A ee eine m 9 


Shale, brown, carbonaceous. - 


Section of strata containing bituminous shale on Hill Creek, Utah, in sec. 12, Т. 13 S., 
R. 19 E., Salt Lake base and meridian. 


Shale, gray, thin bedded. Ft. In. 
Shale, bituminou8:::. е 222-2. IA een 8 
Shale, brown; earbonaceous....e------ vemm rrr EIE Lu. 
Shale, brown, thin bedded, calcareous........................- M un 
Shale, bituminous (see sample No. 11, p. 4)..................... 9 
раје рта у пала bedded.»..... cesos Seren ep C: 3. 0 
Shale, brown, bituminous (contains 15 gallons of oil to the ton of 

АГА E een nee EEE 0 TE ime й 
PRATER DIOW MMV CLVIRANCY преса 5.2.5 oo a sen а се ча ер иа, 
Shale, bituminous; weathers in thin lamins................... 5 4 
Shales brown; weathers ао ЕЕ ааъ ид 6 
Shale, brown, carbonaceous, thin bedded................m--- ек 
Shale, bituminous (estimated to contain 10 gallons of oil to the 

tomoLkhalo aos ан a tee ee eee Зен cs с. Las] 
Shale, brown, carbonaceous, thin bedded...................... 4 4 


Shale, drab; weathers gray; fissile. 
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Section of strata containing bituminous shale along freight road from Myton to Price via 
Harper, Utah, 4 miles north of Ninemile Creek, approximately in sec. 12, T. 11 S., R. 16 
E., Salt Lake base and meridian. 


Shale, thin bedded, olive-green. Ft. in. 
Bhale, brown;;bituminous- ae ee 6 
Shale; olive-gróen; вав у 2222-33-22-00 ee То) 


Shale, slightly bituminous, weathers in thin layers (sample No. 


1 10, p. 4, was taken from a 6-inch layer near the top of thisbed).. 4 10 
Shale,.brown, carbonaceous O eee eke ee 6 
Shale; bituminousss< ni ON Prez 
Shale, gray, thin bedded........................ AE OS Өм) 
Shale, brown, slightly bituminous................. TS 1 11 
Nhale, gray, sl чинии сакаа tome та аа ЕР 8 4 
Shale, bituminous, weathers fissile (estimated to contain 10 gal- 

lons of oil to the ton of shale).................2.............. Teo 
Shale, pray;sand yin НЕОН gel) 
Shale, brown; carbonaceousessc nu ne esrb EP 5 6 
Shale, olive-green, thin bedded....---------------------------- 14 0 
Shale, brown; CArbODACOOUS eure <= = ee re euren 6 
Shale; pray уску Sand Yarweew recs on. 22st: ан a 8 0 
Shale, brown, сагропасеоца ot состана EET 10 
Shale, greenish gray, Вай уан. eee ees <<< аа). 13380 
Sandstone. ——— 
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Section of strata containing bituminous shale on west side of Indian Canyon Creek, about 
18 miles southwest of Duchesne, Utah, T. 6 S., R. 7 W., Uinta special base and 
Meridian. 
Shale, drab, thin bedded. Ft. i 
Баје Ене У ои ис оз вани а аи ња tates Ber nae 2 
a Shale, very sandy s 2.2.2. рана sie ao o на A 
Shale, brown, carbonaceous, вапду............................. 
Shaleydrabythin реаава 2.2... essen 71 
Shale, brown, сагропасеоцв--- >>... een 
Shale; drab; thin bedded EEE. isla чешање 7 
Shale, brown, carbonaceous... „=. pts ses an 
Shale, drab, fissile. 
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A sample was taken from an old prospect entry on Conn Creek, 
Colo., in sec. 1, T. 7 5., R. 98 W. The prospect was opened on what 
appears to be a lens of bituminous shale, which measures 16 inches 
in its thickestspart. As shown by the field tests described on page 4 
and by the laboratory test on page 6, this shale is very rich in 
hydrocarbons, but it is too thin to be of much commercial value. 


STRUCTURE. 


The Uinta Basin is a very broad, shallow syncline that lies between 
the Uinta and Yampa plateaus on the north and the Uncompahgre 
Plateau, La Salle Mountains, and Beckwith Plateau on the south 
and extends from the Grand Hogback in Colorado to the Wasatch 
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Mountains in Utah. This syncline is divided into an eastern and a 
western part by a low anticline extending from Dragon, Utah, 
northward beyond Rangely, Colo. 

Minor faults occur at various places. A few in the vicinity of 
Dragon, Utah, are of the normal type, but the character of the 
others could not be determined because of the reconnaissance nature 
of the work. The area seems to have been involved in a broad gentle 
structural movement, with the local intensive action evident. It is 
probable that some crustal movements formed the fissures in which 
the remarkable veins of gilsonite occur, but as yet no conclusive 
explanation of the origin of the gilsonite has been ойегей.. 

In areas occupied by bituminous shale the beds are either hori- 
zontal or only slightly inclined. In that part of the Colorado area 
that was surveyed the rocks dip gently to the north, except in the 
southeastern part, where they are horizontal. In Utah also the 
strata dip to the north but at slightly greater angles, though at no 
place are the dips greater than 14°. 


BURNING OF SHALE ALONG THE OUTCROP. 


Near Rowley's ranch, on ParachuteCreek, 8 miles northwest of Grand 
Valley, Colo., the cliffs are strewn with slag produced by the burning 
of the bituminous matter in the shale. The burning appears not to 
have extended for more than one-fourth mile along the escarpment 
nor to have penetrated beyond 300 feet in depth, as shown in valleys 
that have been eroded through the clinker. Burning seems not to 
have been so intense as in some of the coal beds of this region, but the 
rocks have reached a temperature high enough to bake the shale to 
pink, red, or yellow and locally to fuse it to a slag. The burning 
shows that the shale carries a high percentage of bitumen, else the 
action could not have taken place. 


О 


ze AH A A a TERRE CA а - 54 —— AM 


